PRINCIPAL PARTICULARS OF PASSENGER VESSELS
The principal particulars of the passenger vessels considered in this paper are listed in Table 1 , and they were utilized in the investigation of the characteristics and to suggest the optimal design of appendages.
DESIGN OF SIDE THRUSTER
The resistance performance of the side thruster was first investigated through model tests and studied to obtain a solution to minimize additional resistance
Side thruster
The side thruster is the most universal maneuvering propulsion device (MPD), which assists a ship in maneuvering in cases in which it lacks maneuvering performance from the rudder itself. The side thruster has the advantage of being more able to control a ship in severe winds or currents, but it also has some disadvantages since it causes an increase of resistance, requires additional space for installation and is a source of noise and vibration.
In the case of a passenger vessel, the side thruster is required to move the vessel alongside the berth by itself (without the assistance of a tugboat) and in some vessels the side thruster is installed in the stern as well as in the bow. Because it is difficult to install the thrusters on a fine hull form, and because the required thruster capacity is greater than that of a commercial vessel, the number of side thrusters on a passenger vessel is normally more than two. Therefore, it is considered that the resistance increase due to the installation of the side thrust system would be somehow larger than expected, resulting in a severe speed-loss penalty. In this view, it is essential to investigate the effect of the side thruster system on resistance. Systematic model tests, in which the elements of the side thruster were changed, were conducted, and the effects on the resistance were investigated.
Elements of side thruster
The side thruster system includes several components such as the tunnel, the CPP, the grid and, sometimes a scallop. The scallop decreases an additional form resistance by being fitted into the hull to remove a step of the tunnel in the rear, and this is accomplished through a streamline investigation.
The results of a paint test on a 50,000 GT cruise vessel are shown in Fig. 1 . Fig. 1(a) shows the streamline test result for the bare hull, and (b) is the case for the hull with the bow thruster (tunnel, grid and CPP). The scallop was not fitted for this ship. Fig. 2 shows the paint test result for a 138K LNGC with the bow thruster, in which case the scallop is applied. Table 2 shows the comparison of resistances measured for the several cases relative to the percentage of the total EHP for the bare hull. Case 1 is the result for the bare hull. Case 2 is the case of applying the tunnel only, and it is noted that the tunnel-only installation on the hull increases the EHP by 8.9% compared with the result for the bare hull. Case 3, the case of installing the tunnel and CPP, shows an increase of EHP of 1.8% compared with the result of the bare hull, which is much less than that in Case 2. This reason can be explained by the fact that the CPP in the tunnel prevents some in-flow phenomena into the tunnel and thus suppresses the flow separation and vortices generation by the tunnel inlet. It is known that that the grid, installed on the tunnel inlet, suppresses the flow separation, as seen in Case 4, which yields a 3.5% EHP increase, which is still much lower than that of Case 2 with the tunnel only, but somewhat larger than that of Case 3. If the grid and CPP are both installed, as in Case 5, the resultant EHP increase of 1.3% is the lowest among the tested cases, showing the most effective suppression of the flow separation and vortices. In order to confirm this result, the model test result for the 38K LNGC, being the same as that for Case 5 for the cruiser, is shown in Case 5* in Table 2 .
Results of model tests
It can be seen from the Table that the magnitude of EHP increase is very similar for the two ships, showing that the tested results are reliable. It is noteworthy to mention that Kim et al. (2006) investigated the effect of the grid, installed on the tunnel inlet, on the resistance and suggested a new tunnel grid system giving a lower resistance increase. As mentioned above, two side thrusters were installed for the cruiser and thus, because it was considered that the effect of the scallop in this case would be worse, the scallop was not fitted. In order to understand the effectiveness of the scallop fitting regarding the resistance, the model test result of the 138K LNGC is added to Table 2 as Case 6, showing that the installation of the scallop for this ship results in a resistance increase compared with that of Case 5*, in which the scallop is not installed. In general, it is known that the scallop decreases an additional form resistance due to the reduction of the tunnel step in the rear, but this was not the case. It was also observed from a local flow investigation by an in-house CFD code that the local flow behavior according to the presence of the scallop was not good compared with that of the tunnel without the scallop for this particular ship. Therefore, it is recommended that the scallop should be carefully chosen by investigating the characteristics of local flow phenomena around the hull form with the tunnel inlet.
Summary
Some useful conclusions based on the present study into the effect of the side thruster on resistance can be made. The resistance increase due to the tunnel presence on the hull is approximately 10%, but the presence of the CPP and the grid suppress the flow separation and vortex generation, and therefore, the final resistance increase due to the side thruster system is not very significant, being about 1~2%. However, the careless installation of the scallop increases the resistance compared with that of the tunnel without the scallop.
In this paper, the investigation was carried out from the perspective of resistance performance, but a study into the effect of the side thruster on noise and vibration should be also performed for passenger vessels. Therefore, more research should be conducted into the above problem to achieve a more optimal design of side thruster.
DESIGN OF SHAFT/STRUT

Shaft/strut
The strut is a kind of bracket that is installed between the hull and the shaft when it is necessary to support the shaft and the propeller. It is also required to sustain its own weight as well as that of the shaft and the propeller. And the strut should be designed to resist the excitation force and moment that are induced by the rotational motions of the propeller and the vibration of shaft. This paper proposes the idea of an optimal design for the shaft/strut through an investigation of the design for the main strut and the arrangement between the strut and the shaft.
Design of main strut
There are generally two types of main strut, the single type and the twin type being usually called the vee type. The vee-strut type having twin struts is more widely used compared with the single-strut type from propulsion and strength points of view. The vee-strut type is classified into a radial type and a tangential type according to the connection method at the barrel. In the case of the radial type, the center of the strut section coincides with the center of the shaft line, as shown in Fig. 3(a) . In contrast, in the tangential type, the sideline of the strut arm is linked to the outline of the barrel, as seen in Fig. 3(b) . Regarding this difference of connection, Saunders (1957) has stated that tangential arms are well spread at the hub, but they usually involve reentrant angles alongside the barrel which are considerably smaller than 90 degrees, and that radial arms provide good attachments in supporting the shaft, but that the passage between the arms at the hub surface may be somehow constricted if the vee angle is too small. Losee(1957) indicated that the radial arms for the vee-strut are more general. Sometimes, however, in the case of a too small angle between the arms, it may be desirable to provide greater separation between the arms at the barrel, and the outer surfaces of the arms may be made tangential to the barrel. However, this could introduce an additional transverse bending moment on the arms. Occasionally a compromise can be made between the radial and tangential arrangements. In addition, Hackett and Jonk(1999) indicated that the radial strut provides superior strength and stiffness on an unitweight basis, but that the radial struts tend to reduce the flow between the strut arms more than the tangential struts, causing some other hydrodynamic problems such as wake peak.
The ship designer usually considers that for the main strut, the structural aspect is more important than the hydrodynamic aspects. Therefore, an investigation of the strength of the strut in the preliminary design stage is required. The Finite Element Method (FEM) is generally used in this structural analysis, but it requires significant time and special knowledge. For this reason, the guidance of Design Data Sheets (DDS) proposed by Losee is usually in use in the preliminary design stage for naval and commercial ships. Table 3 shows a comparison of the safety factors for the longitudinal section modulus calculated by FEM and DDS, respectively, for a 210m Class Ro-Pax. The two safety factors are similar to each other and therefore, the use of DDS method in the preliminary design stage is justified to predict the strength of the strut. Table 4 shows the results by DDS for a 185m Class RoPax in order to compare the strengths of the tangential and radial struts. The EPH section proposed by DTMB is applied to the strut arm and is 5.0 in chord/thickness ratio. The result shows that the strengths of the tangential and radial struts are very similar to each other. As shown above, DDS is usefully and practically used for structural analysis of the strut in the preliminary design stage, but it is known that DDS is inadequate in evaluating the vibration performance and that there is no such guidance in LR(2003 ) or ABS(2003 . In order to confirm this fact, the vibration characteristics of the tangential and radial strut arms for the 185m Class Ro-Pax were investigated by DDS and FEM analyses. The results estimated by DDS showed that the safety factors for vibration are 1.53 and 2.25 for the tangential and radial types, respectively. Fig. 4 show a change of sh Two struts, ally in use in th omparison of t with main stru t can be seen th struts, is about the second ca er than that of bossing being ore rigidly, it mpared with th nce for three (2nd App.) an 1st App.).
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Summary
It was proved by the CFD and experimental results that the stern wedge can improve the powering performance by reducing mainly the pressure drag and also some the wavemaking resistance decrease. The stern wedge has several advantages compared with the ducktail and the stern flap with regard to structure and shape without protrusion beyond the stern. It is recommended that the length and the angle of the stern wedge should be optimized in accordance with the stern profile in order to achieve the maximum gain, and this can be effectively accomplished by parametric studies with a proven CFD code.
CONCLUSIONS
The hydrodynamic effect of appendages for high speed passenger vessels are very severe and sensitive to the local hull form variations and thus, it is essential to carry out the design of the appendages for passenger vessels from the preliminary design stage to the final design stage through a full survey of the reference vessels together with sufficient technical investigations.
As explained in this paper, studies on appendage design for passenger vessels was conducted through various means such as reference review, empirical and numerical calculations and model tests. Some practical design aspects and guidelines for appendages such as the side thruster, the shaft-strut and the stern wedge in order to achieve good overall performance are summarized at the end of each section covering each appendage.
It was demonstrated that such appendages, well designed, can minimize an additional powering requirement or can render it even less than that of the bare hull. In this respect, some guidelines suggested in this paper can be effectively and usefully employed in the optimal design of passenger vessels with appendages.
